Eleven clonally related Klebsiella pneumoniae isolates were examined. These had been isolated at an intensive care unit in Amsterdam in 1994. Their resistance was associated with a conjugative 170-kb plasmid which encoded a novel SHV ␤-lactamase designated SHV-13. The SHV-13 enzyme had two substitutions compared with SHV-1: Leu35Gln and Gly238Ala. It hydrolyzed cefotaxime much more rapidly than ceftazidime or aztreonam.
Klebsiella pneumoniae is a successful opportunistic pathogen and is often multiresistant to antibiotics. Extended-spectrum ␤-lactamases (ESBLs) are more prevalent in K. pneumoniae than in any other enterobacterial species, and outbreaks of infections caused by ESBL-producing strains have been reported widely (3, 7, 10, 14, 15) . Most ESBLs are mutant TEM and SHV enzymes (2, 5; G. A. Jacoby and K. Bush [http:// www.lahey.org/studies/webt.htm]), and over 60 ESBL variants have been described within these ␤-lactamase families (Jacoby and Bush website). Hydrolysis kinetics vary among different TEM and SHV mutants, but the general pattern is for activity to be gained against oxyimino-aminothiazolyl cephalosporins but not cephamycins or carbapenems. The plasmids determining ESBLs are mostly large (Ն80 kb) and encode multiple resistances (5) .
New ESBLs continue to be described. In a recent survey of isolates from intensive care units in Europe, we found a cluster of 11 ESBL-positive klebsiellae at a hospital in Amsterdam (17) . These appeared to be clonally related, giving similar DNA fingerprints following pulsed-field gel electrophoresis (PFGE) of XbaI genomic digests (Fig. 1 ). They had a pI 7.6 ␤-lactamase, which was inferred to be of the SHV type. Singlestrand conformational polymorphism analysis of the PCR product of bla SHV was undertaken for four representatives, and a pattern was observed that was different from that of any control (17) . This result implied that the SHV ␤-lactamase might be a novel type. We now report the properties of this enzyme and the sequence of its encoding gene.
The 11 isolates were from the medical intensive care unit serving the pediatric and neonatal wards of the hospital. Eight were from the respiratory tracts of patients, one was from blood, and two were from unrecorded sites. Nine of the source patients were under 1 year old; the others were 1 and 3 years old. Collection was done from January to October 1994, and over half of the isolates were obtained in January. The isolates were identified to the genus level with the API 20E system (bioMerieux, La Balme les Grottes, France) and confirmed as K. pneumoniae by their ability to grow at 42°C but not at 4 and 10°C (17) . Eight of the isolates were of capsular serotype K2, and three were acapsular (17) .
Amplified fragment length polymorphism (AFLP) fingerprinting of genomic DNA was performed by the method of Koeleman et al. (8) . Briefly, purified chromosomal DNA was digested with EcoRI and MseI and ligated into doublestranded oligonucleotide adapters. The ligated restriction fragments were amplified by the method of Vos et al. (16) , with a fluorescently labeled Eco primer (8) , and the amplified fragments were separated by polyacrylamide gel electrophoresis on an automated DNA sequencer (Vistra; Amersham, Buckinghamshire, United Kingdom). A dendrogram to illustrate the relatedness of the isolates was constructed with Gelcompar software (Applied Maths, Kortrijk, Belgium).
MICs were determined on IsoSensitest agar (Oxoid, Basingstoke, Hampshire, United Kingdom) with inocula of 10 4 CFU/ spot (10 Plasmids were extracted by the method of Kado and Liu (6) and electrophoresed at 100 V for 1 to 2 h on 0.8% agarose gels in Tris-borate-EDTA buffer. Estimation of plasmid sizes was done by comparison to Escherichia coli NCTC 50192, with plasmids of 154, 66, 38, and 7 kb, and E. coli NCTC 50193, with plasmids of 11.5, 8.0, 5.9, 3.0, 2.7, and 2.1 kb. Conjugation was done by plate mating of logarithmic-phase cultures with E. coli K-12 J62-1 (lac Nal r ) (9) . Transconjugants were selected on Diagnostic Sensitivity Test agar (Oxoid) containing ceftazidime at 2 or 5 g/ml plus nalidixic acid at 250 g/ml.
Isoelectric focusing was performed on polyacrylamide gels (9, 17) with TEM-1 (pI 5.4), TEM-2 (pI 5.6), TEM-3 (pI 6.3), SHV-1 (pI 7.6), SHV-3 (pI 7.0), SHV-4 (pI 7.8), and SHV-5 (pI 8.2) as controls. PCR was used to amplify bla SHV with the primers SHV A (5Ј-TCAGCGAAAAACACCTTG-3Ј, corresponding to positions 435 to 452 in bla SHV (11) , SHV C (5Ј-A TGCGTTATATTCGCCTGTG-3Ј, corresponding to positions 125 to 144 in bla SHV , SHV D (5Ј-GTTAGCGTTGCCAGTG CTCG-3Ј; complementary strand, corresponding to positions 970 to 989 in bla SHV ), and SHV E (5Ј-CCGTTTCCCAGCG GTCAAGG-3Ј; complementary strand, corresponding to positions 595 to 614 in bla SHV ). The PCR products were sequenced on an automatic sequencer (ABI 377; Perkin-Elmer, Warrington, Cheshire, United Kingdom) with AmpliTaq DNA polymerase FS (Perkin-Elmer), both used in accordance with the manufacturer's directions. Results were collected with Data Collection Software (Perkin-Elmer) and analyzed with the Sequence Navigator software (Perkin-Elmer) run on a Power Macintosh. GCG software (Human Genome Mapping Project, Cambridge, United Kingdom) was used to compare the sequences with those in the GenBank database.
K. pneumoniae 803 was used as a source of enzyme for purification on the ground that it was the most resistant representative of the strain, implying that it makes the most ␤-lactamase; this isolate was also among the four representatives previously shown to give the novel single-strand conformational polymorphism-PCR fingerprint for bla SHV (17) . Cultures were grown overnight at 37°C in Iso-Sensitest broth with shaking and then diluted 10-fold into fresh warm broth. After incubation for a further 4 h, the cells were harvested by centrifugation at 5,000 ϫ g and 37°C for 15 min, washed once in 0.05 M phosphate buffer (pH 7.0), and disrupted by three cycles of freezing and thawing. Debris was removed by ultracentrifugation at 100,000 ϫ g and 4°C for 45 min, and the supernatant was applied to a carboxymethyl-Sephadex C-50 column (40 by 2.6 cm [diameter]; Pharmacia, Milton Keynes, Buckinghamshire, United Kingdom) equilibrated with 50 mM phosphate buffer (pH 7.0). After overnight washing at 4°C with the same buffer, this column was eluted with 500 ml of 50 mM phosphate buffer (pH 7.0) containing a linear gradient of 0 to 0.5 M NaCl, also at 4°C. The ␤-lactamase-containing fractions were dialyzed at 4°C against 5 liters of 25 mM malonate buffer (pH 6.0) and then loaded onto a 16/10 S-Sepharose High Performance column (Pharmacia) equilibrated with this same buffer at 4°C. This column was washed with 60 ml of 25 mM malonate buffer (pH 6.0) and then eluted at 4°C with a 0 to 0.5 M NaCl gradient. The fractions with the greatest ␤-lactamase activity were retained, dialyzed extensively against 0.1 M phosphate buffer (pH 7.0), and stored at Ϫ20°C. Hydrolysis of ␤-lactams was examined by UV spectrophotometric assay in 0.1 M phosphate buffer (pH 7.0) at 37°C using the wavelengths listed previously (9) . K m and V max values were calculated by linear regression analysis of Hanes plots of initial-velocity data. Inhibition studies were undertaken at 37°C in 0.1 M phosphate buffer (pH 7.0) with benzylpenicillin as the substrate and with clavulanate and tazobactam as inhibitors.
All 11 isolates gave similar PFGE profiles after digestion of genomic DNA with XbaI (Fig. 1 ). Based on criteria described previously-i.e., not more than three band differences from the most similar isolate of the strain-the isolates were judged to belong to the same strain, designated K2/PN16 (17) . Their relatedness was confirmed by AFLP, which gave similar patterns for all 11 isolates, whereas grossly different patterns were given by epidemiologically unrelated isolates from the same hospital (Fig. 2) .
All 11 isolates were highly resistant to piperacillin (MICs, 512 to 1,024 g/ml). MICs of cefotaxime, ceftazidime, ceftriaxone, cefuroxime, and aztreonam ranged widely but were 4-to 32-fold above the modal MICs for ESBL-negative K. pneumoniae ( Table 1 ). All of the isolates were susceptible to imipenem at Յ0.5 g/ml). They also remained susceptible to gentamicin at Յ2 g/ml and to amikacin at Յ16 g/ml; nevertheless, the MICs of these aminoglycosides were slightly above modal values for ESBL-negative K. pneumoniae from the 1994 survey (Table 1 ). All 11 isolates were susceptible to ciprofloxacin at Յ0.25 g/ml.
A pI 7.6 ␤-lactamase activity was detected by isoelectric focusing in all 11 isolates, and no other ␤-lactamase activities were found. All 11 isolates had a 170-kb plasmid and various smaller plasmids (Table 1) ; 50-and 3.1-kb plasmids also were present in most isolates. Ceftazidime resistance was conjugatively transferred to E. coli K-12 J62-1 from isolate 803, which was taken as a representative. The transconjugants were confirmed to be ceftazidime resistant and lactose negative and were found to have acquired only the 170-kb plasmid; they also acquired the pI 7.6 enzyme and became resistant to all aminothiazolyl cephalosporins and piperacillin but not to cephamycins, carbapenems, or gentamicin (Table 1) . Although isolate 803 was unusually resistant to aztreonam, this behavior was not seen in its transconjugant and may have reflected some other factor, possibly a permeability lesion.
The nucleotide sequence of the SHV ␤-lactamase gene from isolate 803 was determined twice, with identical results in both experiments. The deduced amino acid sequence had two substitutions compared with SHV-1: Gly238Ala (GGC replaced by GCC) and Leu35Glu (CTA replaced by CAA). Leu35Glu is shared by SHV-2a, -11, and -12 (Table 2) , but alanine at position 238 is unique to the present enzyme, which therefore differed from all of the SHV variants reported previously and was named SHV-13. No further silent mutations were observed. Gly238Ser alone allows hydrolysis of cefotaxime, whereas both Ser238 and Lys240 are needed for rapid hydrolysis of ceftazidime (4) . It now appears that Ala238 can give cefotaximase activity, as can Ser238. Alanine and serine both have a small ␣-carbon side chain (-CH 3 and -CH 2 OH, respectively), whereas glycine has no side chain. Although position 35 is remote from the active site, it may influence resistance to cephaloridine and cefotaxime (7, 12, 13) . Like other ESBLs, the SHV-13 enzyme hydrolyzed all of the penicillins and cephalosporins tested except cephamycins. It had similarly strong activity against benzylpenicillin, ampicillin, piperacillin, and cephaloridine, but the K m for cephaloridine exceeded that for penicillins (Table 3) , reducing the kinetic efficiency (V max /K m ). The V max for cefotaxime was 27% of that for benzylpenicillin, confirming that SHV-13 is an ESBL; nevertheless, its relative rates of ceftazidime and aztreonam hydrolysis were slow compared with those of many other ESBLs, and the V max /K m ratios for cefotaxime, ceftriaxone, and cefuroxime were only 2 to Gln Ala 11% of those for benzylpenicillin. The preferential activity of SHV-13 against cefotaxime resembled the behavior of SHV2a, an enzyme with similar substitutions ( Table 2 ). Hydrolysis of ceftazidime was slow, despite the considerable ceftazidime resistance of the isolates (Tables 1 and 3) . Like other ESBLs, SHV-13 lacked activity against cefoxitin and imipenem. Slow hydrolysis of oxacillin was detected, and it obeyed nonlinear kinetics, with the hydrolysis rate declining more swiftly than was explicable by substrate depletion. Clavulanate and tazobactam were potent inhibitors. When the SHV-13 enzyme was preincubated with inhibitor for 10 min at 37°C before addition of 1 mM benzylpenicillin, the 50% inhibitory concentration (I 50 ) of clavulanate for inhibition of the hydrolysis of 1 mM benzylpenicillin was 0.003 M, whereas the I 50 of tazobactam was 0.5 M. The reported I 50 s of clavulanate and tazobactam for the classical SHV-1 enzyme are 0.03 and 0.14 M, respectively (2). We cannot discount the possibility that isolate 803 also had SHV-1 ␤-lactamases, as do the majority of K. pneumoniae isolates, and that this copurified with SHV-13. Nevertheless, sequencing gave single signals for the bases corresponding to amino acids 35 and 238, suggesting a much higher gene dosage of SHV-13. Moreover, the kinetics of SHV-13 were linear (except with oxacillin), suggesting that contamination was, at worst, minimal.
In summary, SHV-13 adds to the growing catalogue of ESBLs. It had substitutions at amino acids 35 and 238, which are critical residues in defining the substrate specificity of SHV enzymes. Replacement of glycine 238 with alanine seems to be unique to SHV-13, but replacement with serine at position 238 is well known to be associated with ESBL activity.
Nucleotide sequence accession number. GenBank accession no. AF 164577 was allocated to the sequence for bla .
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